A convenient method for the synthesis of b-unsubstituted meso-aryl substituted tripyrranes was developed. Pyrrole condensed with aldehyde in acidic aqueous to produce tripyrranes selectively in moderate yield. The selectivity for tripyrranes depended on the electronic and steric properties of aldehyde, the stoichiometric molar ratio and concentrations of the starting materials. The title compounds were isolated and characterized by 1 H NMR, 13 C NMR and HR-MS analysis.
Introduction
Tripyrranes are very useful building blocks in the synthesis of various porphyrinoids [1] , which have been discovered in a wide range of applications in the fields of material chemistry [2] . In the last two decades, Lee [3] and Dolphin [4] have reported one-flask synthesis of b-unsubstituted meso-aryl substituted tripyrranes, which could be categorized into a derivative of Lindsey's method of dipyrromethane synthesis [5] . However, the purification process is not clearly mentioned in the paper due to the existence of excessive pyrrole, dipyrromethanes, tetrapyrranes, oligomers, etc. At this moment the really convenient method for their preparation does not exist. Gryko [6] has developed a multi-step method to synthesize the tripyrranes bearing meso-aryl substituents with easier purification. As for most occasions, the one-flask method is far preferred owing to its expediency and scalability. To the best of our knowledge, the one-step selective synthesis of b-unsubstituted meso-aryl substituted tripyrranes in organic media is difficult. Interestingly, in recent years, several aqueous versions of synthesis of dipyrromethanes have been reported [7] . Inspired by these works, to obtain tripyrrane in water would be a significant method that makes sense both synthetically and environmentally. Given that, we present here an optimized and selective one-flask synthesis of b-unsubstituted meso-aryl substituted tripyrranes in water in appropriate yields.
Experimental part

Materials and physical measurements
Unless otherwise indicated, all reactions were conducted under air atmosphere in clean glassware with a magnetic stirring bar. Column chromatograph was performed with silica gel (300-400 mesh) and analytical TLC on silica gel 60-F254. 1 H NMR (500 MHz), 13 C NMR (126 MHz) spectra were recorded on a varian 500 spectrometer in CDCl 3 or, with tetramethylsilane as an internal standard and reported in ppm (d). Mass spectrometry was record on a Bruker micro TOF-Q II mass spectrometer under ESI mode with negative source. Infrared spectra were recorded on a Nicolet FT/IR-380 spectrophotometer and reported as wave number (cm À1 ). All starting materials were obtained from commercial supplies and were used as received. Benzaldehyde (1a) and p-tolualdehyde (1b) were freshly redistilled before use. Pyrrole (2) was freshly redistilled before use. All other reagents and solvents were used without further purification.
General procedure for the preparation of b-unsubstituted meso-aryl substituted tripyrranes
To 400 mL of 0.12 M aqueous HCl, pyrrole (0.64 mmol, 1.60 equiv.) was added, after stirring for 5 min at room temperature, followed by the addition of the corresponding aromatic aldehyde 1a-k (0.4 mmol, 1 equiv.) (Note: solid aldehyde dissolved in a very small amount of EtOH or THF before use). The reaction mixture was then stirred at room temperature until full consumption of the starting aldehyde indicated by TLC. The solution was neutralized with 25% aqueous NH 3 . The mixture was stirred for 10 min and then extracted with ethyl acetate. Organic phase was dried over anhydrous MgSO 4 , filtered and concentrated. The crude products were purified through silica-gel chromatography [petroleum ether (PE)/ethyl acetate (EtOAc)/dichloromethane (DCM) = 16:3:1 (V:V:V)] to afford pure target products. All the isolated products were characterized by 1 H and 13 C NMR and mass spectral analysis. 
Results and discussion
Before carrying out the experiments, the plausible mechanism of this condensation reaction was proposed. As depicted in Scheme 1, H + is necessary to activate the aldehyde toward the nucleophilic pyrrole [8] . However, strong H + , may lead to extensive polymerization of pyrrole. Owing to the polymerization of pyrrole and the formation of tars and other by-products, strictly controlled reaction conditions are needed for the selective synthesis of tripyrrane. As has been reported, the nucleophilic addition of pyrrole to aldehydes can yield dipyrromethane, tripyrrane, tetrapyrrane, etc. Since those products and pyrrole have similar nucleophilic activities toward electrophilic aldehyde or/and the intermediate 1, the previously formed dipyrromethanes continue to react with aldehyde and pyrrole, leading to the formation of tripyrromethanes and other high oligmers. The Lindsey method reveals that such negative effects could be reduced by careful control of the reaction time, using a large excessive amount of pyrrole or adding InCl 3 Lewis acid. Consequently, the reaction yielding isolable quantities of dipyrromethane products.
The mechanism of this condensation of pyrrole and aldehyde in water is similar to that in organic solvents. The obvious difference between these two conditions is that dipyrromethane, tripyrrane and other oligmers have very limited solubility in water. Meanwhile, the solubility of tripyrrane in water is even smaller than that of dipyrromethane. It is well known that the solubility is generally considered a prerequisite for reactivity. So we can decently explain why the normal reaction conditions in organic phase cannot stop the oligomerization process at the dipyrromethane stage and cannot selectively yield to tripyrrane.
The oriented synthesis employs HCl as catalyst, water as the reaction medium, and a stoichiometric amount of aldehyde with pyrrole, in which the aldehyde reaches just before its soluble limitations in water. Owing to $1 mmol/L saturate concentration of an aldehyde, the primarily formed dipyrromethane may have considerable solubility in water and will continue to react with other aldehyde and pyrrole, affording tripyrrane with little solubility. Previously, Kra´l and co-workers have described a similar procedure that low concentration of starting compounds (aldehyde and pyrrole) led to preferential formation of tripyrranes. However, they did not provide full spectral data [9] . In this sense, such a system could be described as the selective synthesis of tripyrrane.
Based upon the above analysis, our first effort was the determination of the optimal conditions, involving the molar ratio and the concentrations of starting compounds (aldehyde and pyrrole) and the HCl catalyst. Initially, the condensation of pyrrole and benzaldehyde was selected as model reaction.
To our delight, we found that in the presence of 1% (0.12 mol/L) HCl, a 2:3 M ratio of aldehyde and pyrrole coupled smoothly under very mild conditions within 24 h, producing the desired tripyrrane in 30% isolated yield with good chemoselectivity ( Table 1 , entry 1-2). More interestingly, no dipyrromethane was formed in this process. However, other higher oligmer analogues seemed inevitable. By lowering the reaction temperature to 10°C, similar results were obtained.
We did not examine higher temperature, since it would cause the increase of tripyrrane solubility in water and lead to the acceleration of the undesirable oligomerizations. Next, the reaction time was determined. The reaction procedure was monitored by TLC and after 6 h, the starting benzaldehyde exhausted completely, indicating the termination of tripyrrane generation ( Table 1 , entries 3-4). Dipyrromethane was not found in the reaction. However, other side reactions such as oligomerization and isomerization still existed. So in this reaction, reaction time should be no more than 6 h to reach the optimal yield. The loading of HCl catalyst was then evaluated for the condensation reaction. To our surprise, higher catalyst loading resulted in lower yields of 25% (Table 1, Under optimized reaction conditions (water, rt, 1% HCl), various aromatic aldehydes were tested and the results are summarized in Table 2 . Various aromatic aldehydes were appropriate substrates for the reaction. For aromatic aldehydes, substitution of an electron-withdrawing group at the para position of the ring resulted in higher yield than those bearing the electron-donating group ( Table 2 , entry 3-5 vs. 1-2, 6), for electron-withdrawing groups rendered the aromatic aldehydes with more electrophilicity. Specifically, noting that the sterically hindered aldehydes, substitution of either an electron-withdrawing group or an electron-donating group at the ortho position of the ring had an obvious impact on the reaction, resulting in lower yields (Table 2, entry 7-8 vs. 10-11).
We have investigated the stability of those b-unsubstituted meso-aryl substituted tripyrranes to routine handling. No decomposition was observed upon silica column chromatography ($10 h) or vacuum drying ($40 h) at ambient temperature. Upon drying, the tripyrranes existed as light or dark brown amorphous, foam-like solids. There are new faint pigment spots on TLC when tripyrranes were exposed to air for two weeks at ambient temperature. However, these exhibited faint decomposed impurities do not affect the results of 1 H NMR and high resolution mass spectrometry. The dried sample upon storage at À4°C in nitrogen atmosphere and protected from the light gave no obvious decomposition for up to two months.
Conclusion
In summary, the b-unsubstituted meso-aryl substituted tripyrranes have been synthesized selectively in water under mild conditions, and exclusion of the undesired dipyrromethane could pose significant advantages over existing methods. Electronic effects of the substituents attached to the phenyl ring of benzaldehydes would affect the reaction. Electron-withdrawing groups rendered the reaction with moderate yields; while the electron-donating groups only afforded 30% yields. The ortho substituents on the phenyl ring resulted in lower yield due to their steric effect. A notable point is that the selectivity for tripyrranes depended on the nature of the aldehyde and could be controlled by the molar ratio and concentrations of the starting materials. Further work on expanding the range of suitable substrates, including other heteroaromatic aldehyde such as furfural, is in progress. 
